Results
The indications for total parenteral nutrition in the preterm infants and the age at which it was given are summarised in Table 1 A follow-up liver biopsy in one of the children (JT) taken nine months after total parenteral nutrition was discontinued showed complete resolution of the portal tract abnormalities and the liver was essentially normal apart from some residual parenchymal cholestasis. The bile canaliculi were normal at electron microscopy but there was more severe damage of hepatocyte organelles, there being considerable swelling and disruption of mitochondria and vesiculation of endoplasmic reticulum.
PI.ASMA ENZYMES
The results for GGT and ALAT are shown in Table  2 . The reference values for ALAT in neonates in our clinical chemistry laboratories are given. The normal range for GGT in premature neonates is not known, but in six of the infants it became increasingly raised and returned to a low level eight to 16 weeks after parenteral nutrition ended. On the other hand, ALAT did not start to rise until enteral feeds were introduced. Serum alkaline phosphatase, although raised, was found to be predominantly of bone type and was not therefore used in these children as a marker of hepatobiliary dysfunction. Bilirubin was measured routinely only after the patients became clinically jaundiced and was predominantly conjugated.
Discussion
These studies of plasma enzyme activities and liver histopathology suggest that the jaundice which occurs in association with total parenteral nutrition is due to a failure of bile secretion or excretion rather than primarily hepatocellular injury. The cholestasis occurs within two to four weeks of '3 The rise in plasma enzyme activity which occurred shortly after the introduction of enteral nutrition suggests that damage to hepatocytes may be the result of the resumption of bile flow; whether this results from loss of integrity of pericanalicular tight-junctions between hepatocytes which have atrophied after total parenteral nutrition, thereby allowing regurgitation of bile from canaliculi between the hepatocytes, which thereby become damaged, must remain speculative after this investigation.
BIOCHEMICAL PARAMETERS STUDIED
Plasma activities of GGT and ALAT were assayed as markers of cholestasis and hepatocellular damage respectively." Although little is known about the significance of absolute levels of GGT in premature infants,'4 it is clear that there was a rise in GGT activity within two to four weeks of parenteral nutrition in our infants. This corresponds with the rise in serum conjugates of cholic acid after two weeks' total parenteral nutrition in the babies described by Sondheimer et al whose birth weight was less than 2 kg. 15 There is therefore good biochemical evidence that cholestasis occurs at an early stage during total parenteral nutrition.
CHOLESTASIS AND HEPATOCELLULAR INJURY
The histological and ultrastructural appearances and plasma enzyme activities suggest that the hepatocyte is spared injury, at least during total parenteral nutrition. Only after starting enteral nutrition was there evidence that hepatocyte damage might be occurring, shown by the rise in plasma ALAT activity. Although this injury was not obvious on light microscopy, ultrastructural examination of the liver in these infants and in those studied previously3 shows evidence of hepatocyte damage, still present G(i(iJ ' 
Lt2Im.,.,-,.,.,.,.,-,.
.,-,.,.,.,.,-1-1-1-1.1.,-1-1-1-1- in one infant 36 weeks after total parenteral nutrition was discontinued (Fig. 2) .
Previously reported histological features have included necrosis and ballooning degeneration of some hepatocvtes2 7 and giant cell transformation.3 These infants received total parenteral nutrition for feeding intolerance associated with respiratory distress,2 volvulus or duodenal stenosis. or necrotising enterocolitis.3 Cholestasis. with bile retention and bile duct proliferation, but little or no evidence of hepatocellular damage has, however, been reported by others4 " 1" 17 and in some cases these changes have been associated with a periportal inflammatory response.4 " ' Ultrastructural examination of the liver in these infants and others,3 however, shows, in addition to the features of cholestasis. evidence of damage to the hepatocytes. We do not know if these changes were present before enteral feeds were introduced.
Doubt has been cast on the relationship between the severity of the pathological findings and duration of total parenteral nutrition,6 lx but recently Cohen and Olsen' have shown that liver pathology develops sequentially in infants receiving long-term total parenteral nutrition.
LONG-TERM RESULTS
The infants described in this paper showed no evidence of fibrosis, although this has been described in other series. -I2(J Indeed, a few patients have progressed to cirrhosis,5 21 Diminished secretion of these hormones would lead to a decreased secretion of bile with increased viscosity and the formation of bile plugs. This problem may be further enhanced by the functional immaturity of the liver.33 In addition, the composition of bile may be altered by the nutrients used in total parenteral nutrition, so that it becomes more lithogenic, as has been shown in rats.34
This complication of parenteral nutrition in neonates, particularly those born before term, is related to the duration of the parenteral nutrition. The cause may be multi-factorial but lack of enteral nutrition with suppression or lack of hormone stimulation should be considered as a possible relevant factor. We think that it is important that enteral feeding should be started as soon as possible to stimulate the flow of hepatobiliary secretions that might be important for the normal development of the bile excretory system.
We also believe that insufficient attention has been given to this pathogenetic mechanism as a cause of the jaundice often seen in fasted adult patients in intensive care units, when lack of enteral nutrition may have an additive effect on a liver alreadv subjected to hypoxic and other dlaimaigilng influences.
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